The design and development of synthetic fluorescent molecular architectures for sensing of nucleic acids and related species in living cells is an area of enormous interest. For the first time a novel compilation of single molecular abiotic fluorescent receptors for nucleic acid detection in living cells have been reviewed. Selected reports have been screened and thoroughly discussed which have revealed enormous promise for bio imaging. The mechanistic aspects of nucleic acid, phosphate or nitrogenous base sensing upon encounter with the receptors has been examined under diverse matrices. In addition to the cytotoxicity, specific conditions deciphering suitable and promising results for real-time application have been highlighted.
Introduction
At present, the concept of molecular recognition and its utility for living system applications is fundamental from both chemistry and biomedical point of view. [1] [2] [3] The interaction of synthetic molecules "receptors" with nucleic acid (DNA) moiety and related species inside living cells is highly fruitful, and an area of great interest particularly in biomedical research, diagnostic and cure of deadly diseases. [4] [5] [6] With such significant considerations, a number of abiotic single molecular receptors and their interaction with the nucleic acid moiety and allied cellular fragments has been studied in detail. [7] [8] The encounter between receptor and nucleic acid fragments has been recognized through efficient signal transduction in the form of colour and fluorescence. Among various strategies, it is the fluoremetric based receptor approach which decodes real-time applications owing to enormous sensitivity and visual signal readout of events under complex biological environments. [9] [10] [11] [12] [13] Keeping all these considerations in mind, in this review we have discussed only some specific and selected works of chemical sensing which are either directly related to DNA, nitrogenous base, phosphate group, etc.
Receptors for DNA sensing
In this direction, C Schmuck et al., (2012) 14 reported a DNA sensing receptor 1 (Fig 1) which was evaluated with HeLa cell lines for DNA imaging. According to their observation, at 4°C, HeLa cells could not uptake receptor molecule and hence no DNA staining was achieved. However, at 37°C uptake of receptor into the cells was obtained, and was followed by subsequent staining of nuclear DNA. It has been observed that 1 does not possess any general cytotoxicity to living cells and hence was utilized as a tool of potential interest for diagnostic applications. It has been distinguishly observed that upon binding of 1 to HeLa cells, conformation of 1 changes from folded to extended form, which leads to a distinct change in the fluorescence characteristics of the molecule. Thus it can be used for imaging of nucleic acid in living cells. Once the interaction was studied through emission spectroscopy, 1 shows strong emission at λ = 490 nm and a weaker one at λ = 406 nm. These bands were attributed to a single pyrene chromosphere and a pyrene excimer respectively. However, upon binding to DNA, the monomer emission increased while excimer emission decreased accordingly and finally resulting in complete disappearance.
Fig. 1: Mechanism of receptor 1 and DNA interaction
In another study, P Sahoo et al., (2017) 15 reported a new and a simple receptor 2 ( Fig 2) which showed efficient fluorescence readout upon selective binding with free cytosine under aqueous conditions in living cells. Before interaction with the cytosine moiety, fluorescence of 2 was found quenched due to benzoic acid moiety. However after interaction, the fluorescent property was recovered. Thus via this work, one could detect free cytosine in human cancer cells where its concentration always remains very high. Once the mechanistic aspects were examine under emission spectroscopy, a remarkable enhancement in fluorescence intensity at 377 nm and 395 nm was obtained upon binding of cytosine with receptor. The binding constant (K a ) for 2 with cytosine was calculated as 3.48 × 105 M -1 . The limit of detection was calculated to be around 32 nM at neutral pH. The "turn on" fluorescence of receptor 2 in the presence of free cytosine was attributed to the intermolecular hydrogen bonding with cytosine. This in turn promotes blockade of photoinduced electron transfer (PET) in the receptor.
In the similar direction, J Bucevicius et al., (2018) 16 reported a series of Hoechst dye 3 (Fig c) for the detection of nucleic acid (DNA) in living cells, tissues, animals and fixed cells. These receptors were found specifically staining the nucleus and were reported to be less cytotoxic. The dyes were also observed to have high affinity and specificity towards DNA. This property attributes them as excellent target moieties for nucleic acid detection in living systems. Binding of Hoechst moiety to DNA supresses this interaction and increases fluorescent intensity.
Once examined under emission spectroscopy, a remarkable enhancement in fluorescence intensity at 358 nm along with its shift towards 460 nm was obtained upon binding of receptor with DNA. (Fig 4) in order to monitor different cell imaging process in living cells. He designed an auto localizable fluorescent receptor to detect the release of NPPs by the cell to its exterior as well as the stimuli-responsive change in ATP concentration inside mitochondria. It was found that the receptor complex with Zn (II) showed high affinity for ATP and the changes were observed via fluorescent signal. This sensing of ATP by Zn (II) receptor complex involved the binding-induced recovery of a fluorescent conjugated form of a xanthene ring from its non fluorescent deconjugated form. In order to achieve the detection and imaging of NPPs on the plasma membrane surface, a lipid anchor was introduced into the xanthenes-based Zn (II) receptor complex. Spectroscopic studies revealed that the developed receptor could sense NPPs with several fold increase of their fluorescence intensities through a sensing mechanism similar to earlier. In the live cell application, receptor Zn (II) complex containing a lipid anchor localized on the plasma membrane surface and could detect the extracellular release of NPPs during cell necrosis induced by streptolysin. Once the discussed interactions between various target species and receptor/ receptor (Zn 2+ ) complexes were examined under fluorescence spectroscopy, strong enhancement in the fluorescent intensity was revealed.
Fig. 2: Mechanism of receptor 2 and Cytosine interaction

Fig. 4: Mechanism of receptor 4 and ATP interaction
In another important study, J Yoon et al., (2014) 18 reported a receptor 5 ( Fig 5) which selectively detects endogenous inorganic phosphate (pi) in hemi channel-closed cells. In this case, the receptor interacts with inorganic phosphate and undergoes hydrolytic reaction in HEPES-DMSO (V/V=1:9) buffered (0.02 M, pH 7.4). The phosphate induced hydrolytic reaction results in the 780-fold enhancement of fluorescent intensity of peak around 455 nm. It is believed that upon interaction of receptor with pi, coumarin formation takes place which deciphers the emission signal around 455 nm. The mechanism was fully supported by spectroscopy and theoretical calculations. The obtained behavior of the receptor was achieved with HeLa cells. Receptor 5 was also utilized to elucidate the mechanism of Inx3 action in hemichannel-closed Sf9 cells.
Fig. 5: Mechanism of receptor 5 and ATP interaction
Conclusions
In this work, herein we have presented and highlighted important and significant efforts put forward by various scientists and bio engineers across the globe in the field of nucleic acid imaging.
We have worked on certain crucial reports which deliver and decipher enormous promise for real-time applications. Among these, mechanistic aspects of nucleic acid, phosphate or nitrogenous base interaction with the fluorescent receptor have been presented. Even though efforts made by researchers are worth appreciating, but none the less there are still enough insights to look into, particularly the complexity in the design of the single molecular receptor platform. In addition, aspects like use of toxic metal ions for design of metal-complex based sensors, chemical species released as a result of some hydrolytic reaction, etc and their toxic implications need to be worked out. Most importantly, design of reversible receptor frameworks to target diverse species inside body and cells is highly demanding. We believe the current-state of art of receptors mentioned in this work will inspire the researchers interested in the field and allied, and will provide them a quick platform for future endeavour.
